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TETRAXIAL FABRIC AND MACHINE FOR
ITS MANUFACTURE

This invention concerns a tetraxial fabric and a machine
for 1ts manufacture.

As 15 known, 1n the textile field, besides the traditional
warp and welt fabrics, tetraxial fabrics are known, 1.c.
tabrics consisting of warp and welt yarns as well as first and
second bias yarns which crisscross each other along two
different diagonal directions. In such fabrics the bias yarns
cross also the warp and welt yarns.

The first tetraxial fabrics developed 1n the art consisted of
bias yarns crossing in the fabric areas included between the
warp and the welt yarns.

This fabric geometry did not provide either a close bond
between yarns or an optimum fabric fill coetlicient.

Tetraxial fabrics are known also from the U.S. Pat. No.
5,351,722, where a tetraxial fabric 1s described which con-
tains warp varns, welt yarns as well as first and second bias
yarns crisscrossing each other and both the warp and wett
yarns.

In such tetraxial fabrics a first course of warp yarns 1s
overlaid by the welt yarns and overlies the first and second
bias yarns, while a second course of warp yarns, which
alternates to the mentioned first yarn course, overlies the
welt yvarns and 1s overlaid by the first and second bias yarns.

Fabrics of the latter type, though overcoming the prob-
lems that arise with fabrics of the former type, are suitable
for turther improvements.

As a matter of fact the structure of such tetraxial fabrics
1s 1n any case asymmetrical due to the fact that the warp
yarns are alternatively above or under the welt yarns, so that
only the first and second bias yarns contribute substantially
to the strength of the fabric.

The object of this invention 1s therefore to resolve the
above-mentioned problems by making tetraxial fabrics char-
acterized by a total symmetry.

A further object of this invention 1s to make a tetraxial
tabric 1n which the angles of the first and second bias yarns
can be controlled as desired.

A further object of this mnvention 1s to make a tetraxial
tabric that can reach an optimum fill coellicient of up to
100%.

The said objects are achieved, according to this invention,
by a tetraxial fabric according to claim 1, to which reference
1s made for the sake of brevity.

The 1nvention concerns also a machine to manufacture a
tetraxial fabric, as described 1n claim 5, to which reference
1s made for the sake of brevity.

The tetraxial fabric exhibits a number of advantages,
including the possibility of being made either with a partial
tabric fill coeflicient or with a 100% {ill coeflicient.

It exhibits total symmetry because 1t 1s made with alter-
nating warp and welt yearns, as in ordinary fabrics. Among,
other things, this symmetry provides a fabric where the front
and back sides are alike.

Therelfore the fabric of the invention has a high resistance
to deformation, which makes 1t ideal for a number of
industrial applications such as inflatable boat plies, filter
tabric, tarpaulins, etc.

The machine to manufacture the tetraxial fabric allows,
among other things, the weaving of a large number of yarns,
where the limit 1s set by the thickness of each needle.

In addition, 1t has a single beater which intervenes after
cach welt drawing-in, thus limiting the room needed, and
allowing fabrics containing more yarns per centimeter to be
obtained.
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Other important advantages of the machine of the mven-
tion are due to the fact that the presence of a single moving
warp, 1n cooperation with the stationary warp, makes the
machine simpler and with fewer elements to be synchro-
nized; the single beater simplifies further said synchronisms,
in addition the bias yarn pulling system has a simple
step-by-step motion which 1s easy to achieve and accurate 1n
operation.

The mvention 1s described in detaill below as a non-
limitative example, with reference to the attached drawings,
where:

FIG. 1 1s a plan view of the tetraxial fabric according to
the first embodiment of this invention;

FIG. 2 1s a plan view of the tetraxial fabric according to
another embodiment of this invention;

FIGS. 3 through § are plan views of the tetraxial fabric
according to further embodiments of this mvention;

FIG. 6 1s a side view of the machine to make the tetraxial
tabric according to this invention;

FIG. 7 1s a front view of the machine for the manufacture
of the tetraxial fabric of the invention;

FIG. 8 1s a vertical cross-sectional view which shows
some components of the machine for the manufacture of the
tetraxial fabric of the invention; and

FIGS. 94 through 9¢ are schematic diagrams illustrating
the main operating steps of the said machine.

The tetraxial fabric according to this mvention 1s indi-
cated globally with the reference numeral 10 1n the attached
figures.

FIG. 1 shows a tetraxial fabric 10 obtained with warp
yarns 11, welt yarns 12, first bias yarns 13 and second bias
yarns 14, all in the same thickness.

Therefore the tetraxial fabric 10 exhibits a set of warp
yvarns 11 alternating to welt yarns 12, as in traditional
fabrics.

The first bias yarns 13 cross the second bias yarns 14 at
the crossover points of the warp yvarns 11 and welt yarns 12,
and 1n addition the first bias yarns 13 are overlaid by the
second bias yarns 14.

FIG. 2 shows the tetraxial fabric 10', which has been
obtained using warp varns 11', welt yarns 12', thicker than
the first bias yarns 13' and the second bias varns 14', so as
to provide a tetraxial fabric with partial fill coeflicient.

Also 1 this case the first bias yarns 13' cross the second
bias yarns 14' at the crossover points of the warp yarns 11
and the welt yarns 12'.

FIG. 3 shows, by way of example, the tetraxial fabric 20,
obtained with warp varns 21, welt yvarns 22; the first bias
yarns 23 and second bias yarns 24 being inclined in such a
way as to form a 40 deg angle with the welt yarns 22.

The interlacing of the first and second bias yarns can be
made with the desired angle.

FI1G. 4 shows the tetraxial fabric 30, which has been
obtained using warp varns 31, welt yarns 32, first bias yarns
33 and second bias yarns 34; the warp varns 31 are bigger
in size than the welt yarns 32; while FIG. 5 shows the
tetraxial fabric 40, 1n which the warp yarns 41 are bigger in
size than the welt yarns 42, and the first and second bias
yarns 43 and 44 are arranged at bigger intervals.

This 1vention covers also a machine 50 for the manu-
facture of the tetraxial fabric according to this mvention.

The machine 50, globally shown i FIGS. 6 and 7,
comprises a bearing structure 51, or castle, on which the
beams 52 are mounted, which are relevant to the first and
second bias yarns, as well as a guide ring 56, while the warp
beams 53 and 54 are located at the sides and outside of the
bearing structure 51.
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The machine 50 also comprises means for guiding the
warp varns, means for guiding the welt yarns and means for
guiding the first and second bias yarns toward a fabric
formation area 35.

In particular, the machine comprises a first and a second
guide member for gmding the warp vyarns which are
mounted to face each other and where one of these members
1s movable and the other one 1s stationary.

The first and the second warp yarn guide members
comprise opposite holder bars, each carrying a set of needles
which are substantially parallel to one another. This allows
weaving even with a large number of needles, the limit being
set by the thickness of each needle.

In FIG. 8, 61 indicates the moving warp in 1ts 1dling
position and 61' indicates the same moving warp 1n its
working position. The moving warp 61 1s moved with
angular motion by a motor which rotates the shaft 78.

The means guiding the welt yarns 65 and 66, instead,
comprise two pickers of known construction and arranged
side by other. The pickers move with reciprocating linear
motion between a retracted and an extended position, with
a motion direction perpendicular to the motion direction of
the moving member for the warp yarns. Also the guides 75
and 76 for the welt yarns 65 and 66 can be seen 1n figure B.

Other known welt yarn guiding means can be used as an
alternative.

The first and second bias yarns guiding means comprise
an entrainment system 70 which carries a set of plates 71,
72, each provided with a needle 73, 74 through which either
of the mentioned bias yarns i1s passed. The entrainment
system 70 1s operated by a stepper motor (not shown).

A carousel 1s also provided hanging from the bearing
structure 51 said carousel housing a set of bobbins 52 to
unwind the mentioned bias yarns; a single beater 67 1s finally
provided, which rotates over a certain angle thanks to the
shaft 77.

With reference to FIGS. 94 through 9e¢, the working cycle
of the machine 50 according to this imvention 1s described
below.

At the start of the cycle the needles carrying the moving
warp varns face one another 1n a position which is oflset
with respect to the needles that carry the stationary warp
yarns so that the moving warp will not interfere either with
the stationary warp or with the first and second bias yarns.

In the first operating step of the cycle the moving warp 61
moves forward through the first and second bias yarns 63, 64
and through the stationary warp yarns, followed by the
drawing-in of the welt 65.

Now the moving warp returns to the start position and a
first beating operation 1s performed by the single beater 67.

At this point the entrainment system 70 which moves the
first and second bias yarns 63, 64 moves one step, so the first
bias yarns 63 move sideways in one direction while the
second bias yarns 64 move sideways in the opposite direc-
tion, so the first and second bias yarns 63, 64 cross each
other. The movement of the bias yarns causes also the
movement of the last plates at the end of the needle bed,
which turn each 180 degrees, thereby reaching a new
working position.

Subsequently the welt 66 1s passed and a second beating
operation 1s performed by the single beater 67.

Note that the imnsertion means for the welt yarns 65, 66 can
be located either at the opposite side ends of the machine or

both on the same side. A single feeding system can be
provided to feed the welt yarns 65, 66, which feeds the welt
65 and then the weflt 66.
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The above-mentioned weaving cycle 1s then repeated as
many times as required to obtain the tetraxial fabric of the
invention.

Lastly, 1t 1s stressed that one of the welt yarns (66) should
be 1nside the triangle formed by the moving warp 61, 1n its
1dling position, and by the assembly comprising the first and
second bias yarns 63, 64 and by the stationary warp 62,
while the other welt yarn (65) should be inside the triangle
formed by the moving warp 61, in extended or working
position, and the assembly consisting of the first and second
bias yvarns 63, 64 and by the stationary warp 62. This
geometric relationship occurs both in the case of FIG. 8,
where the stationary welt 62 1s beyond the centerline of the
machine, and 1n the case of FIGS. 9a through 9¢, where the
stationary warp 62 1s this side of the machine centreline,
both cases having been presented as examples of the pos-
sible alternative embodiments of the machine 50, all of them
being included in the inventive concepts presented in the
specification and covered by the attached claims.

This 1invention can be the object of a number of modifi-
cations or variations, all falling within the invention concept
contained 1n the attached claims, while the technical details
can be changed as required.

The mmvention claimed 1s:

1. A tetraxial fabric comprising warp yarns, welt yarns,
first bias yarns and second bias yarns, wherein each of the
warp varns 1s woven with each of the welt yarns and the first
bias yarns are overlaid by the second bias yarns such that the
first bias yarns are not woven with the second bias yarns,
where the first bias yarns crisscross with the second bias
yarns at a crossover point of the warp yarns with the weft
yarns, and wherein each of the first and second bias yarns 1s
woven with each warp varn and each welt yarn.

2. A tetraxial fabric according to claim 1, wherein the first
and second bias yarns crisscross along directions inclined at
a desired angle.

3. A tetraxial fabric according to claim 1, wherein the weft
yarns, the warp yarns and the first and second bias yarns are
different 1n size so as to make a tetraxial fabric with a partial
{11l coetlicient.

4. A tetraxial fabric according to claim 1, wherein the first
and second bias varns are woven at a distance from cross-
over points of the welt yarns with the warp yarns.

5. A machine for the manufacture of a tetraxial fabric
comprising warp varns, welt vyarns, first bias yarns and
second bias yarns, wherein the warp yarns are interlaced
with the welt yarns and the first bias yarns are overlaid by
the second bias yarns, where the first bias yarns crisscross
with the second bias yarns at a crossover point of the warp
yarns with the welt yarns, the machine comprising:

a bearing structure comprising first beams associated with
the first and second bias yarns and first and second bias
yarn supplies from which the first and second bias
yarns are respectively supplied;

warp beams positioned laterally away from the bearing
structure and operable to supply the warp varns;

warp varn guiding means operable to guide the warp
yarns from the warp beams to a fabric formation area,

a welt yarn feeder operable to supply the welt yarns;

welt yvarn insertion means operable to guide the welt
yarns ifrom the welt yarn feeder to the fabric formation
area; and

means for guiding the first and second bias yarns from the
first and second bias yarn supplies toward the fabric
formation area, wherein

the warp varn guiding means includes first and second
warp yarn guiding members and where the first and
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second warp yarn guiding members face each other and
at least one of the first and second warp yarn guiding
members 1s movable while the other 1s stationary for
interweaving the warp yarns with the welt yarns at the
fabric formation area.

6. A machine according to claim 5, wherein the first and
second warp yvarn guiding members include opposite and
oflset holder bars, each bar carrying a set of needles which
are substantially parallel to one another.

7. A machine according to claim 5, wherein the welt yvarn 10

insertion means are placed at opposite side ends of the
machine.

8. A machine according to claim 6, wherein the means for
guiding the first and second bias yarns includes an entrain-
ment system which carries a set of plates, wherein each plate
1s provided with a needle through which any of the first and
second bias yarns 1s passed.

9. A machine according to claim 5, wherein a single beater
1s provided to perform a beating operation in the fabric
formation area.
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10. A tetraxial fabric according to claim 2, wherein the
welt yarns, the warp yarns and the first and second bias yarns
are different 1n size so as to make a tetraxial fabric with a
partial fill coetlicient.

11. A machine according to claim 6, wherein the welt yarn
insertion means are placed at opposite side ends of the
machine.

12. A machine according to claim 5, wherein the welt yarn
insertion means are positioned on one side of the machine.

13. Amachine according to claim 3, wherein the welt yarn
insertion means include a welt feeding system that feeds a
first welt yarn first and a second welt yarn later.

14. A machine according to claim 6, wherein the welt yarn
insertion means are positioned on one side of the machine.

15. Amachine according to claim 6, wherein the welt yarn

isertion means include a welt feeding system that feeds a
first welt yarn first and a second welt yarn later.
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